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DEVELOPMENTS  IN  ICING  TEST  TECHNIQUES  FOR  AEROSPACE  APPLICATIONS 
IN  THE  RAE  PYESTOCK  ALTITUDE  TEST  FACILITY 

by 

A.  R.  Osborn 
V.  E.  W.  Garratt 
R.  G.  T.  Drage 


SUMMARY 

The  altitude  test  facilities  at  RAE  Pyestock  are  used  in  support  of  clear¬ 
ance  of  aero-engines,  intakes  and  helicopter  rotors  to  operate  under  severe 
icing  conditions.  An  important  aspect  of  the  work  is  the  simulation  of  the  wet 
icing  cloud  in  terms  of  water  concentration,  mean  droplet  size  and  spectrum. 
Water  spray  rakes  or  booms  have  been  developed  for  this  activity  and  individual 
nozzles  calibrated  in  a  purpose  built  wind  tunnel  using  a  laser  particle  sizer. 
Although  this  paper  mainly  deals  with  the  development  of  cloud  simulation,  it 
also  includes  a  short  description  of  the  facilities  and  the  capability  for 
monitoring  ice  formation  and  shedding. 
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A  I  OriMra.  V  ■  H  larmt,  AST  Drasa 
Araputataii  NiarMit.  Aoyal  Airoapara  tataWTilaant 
ayaatacA,  lanM.  >114  OLt,  insland 


Tka  altltuSa  taat  faeilltlaa  at  AAE  Pyaatact  ara  uaad 
In  anpart  tf  elaaranaa  af  aaia  aasinaa.  lacahta  and 
hallcaptar  ratara  ta  aparata  undar  aawara  lains 
aanditlana.  An  lapartant  aapaat  af  tha  aark  la  tha 
alaulatlan  af  tka  aat  lalnp  alaud  In  tana  af  aatar 
caneantratlan,  taan  draptat  alia  and  apaatrua.  uatar 
apray  rakaa  ar  kataa  ka«n  kaan  daaalaprt  far  tkla 
aativlty  and  Individual  naatlaa  aalikratad  In  a 
pwpaaa  kullt  ufnd  tumal  ualnp  a  taaar  partial# 
altar.  Altkau^  tkla  papar  aalniy  daata  altk  tka 
davalapaant  af  alaud  alaulatlan.  It  alaa  Inaludaa  a 
akart  dtaarlptlan  af  tka  faallltlaa  and  tka  aapablllty 
far  aanltarlns  laa  fataatlan  and  akaddinp. 
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Tka  aafa  aparatlan  af  alvll  and  allltary  alramft  and 
kallaaptara  aparatinp  In  uaatkar  aanditlana  uklak  aan 
aauaa  laa  kulld^  an  antina  Intakaa,  angina  fan, 
aai^raaaar  and  kallaaptar  mtor  Madaa  la  a  priaa 
aaneam  af  tka  air  uartkinaaa  autkarltlaa. 
tapulatlana  kawa  tkarafara  kaan  Intradunad  In  turapa 
and  tka  UM  aklok  Mantlfy  tka  taat  aanditlana  altk 
uklak  aaratpaea  vakiclaa  In  prauad'kanad  fatllltlaa 
Mt  aa^y  kafara  elaaranaa  ta  fly  In  lalnp 
aanditlana  la  plvan.  Suak  faallltlaa  aan  panarata 
tpaalffad,  eanalatant  and  rapaaoMa  altitude  taat 
aanditlana  Irraapaatlvt  af  tka  pravalllnp  uaatkar  and 
tkarafara  aantrlkuta  ta  a  aantldarafcla  raduatlan  In 
taat  tina  and  aaat.  elaaranaa  far  fll#t  In  laa* 
fanalnp  aandltltna  aan  alaa  ka  aarriad  aut  an  nan* 
fllpktuartky  kut  rapraaantatlaa  and  panarle  taat 
vaklelaa  idiltk  aan  alaa  aantrlkuta  ta  aavinpa. 


Uatar  draplata  ara  uaually  pmduead  In  tka  lalnp 
ttaatnl  ualnp  an  array  af  apray  naailaa  plaead  In  tka 
eald  Inlat  air  atraaa  ipatraaa  af  tka  taat  vaklela. 

r>nt—ra  aaldna  apaelfy  a  raquiraaant  far  nlxad 
aanditlana  and  tka  aiftjaet  of  lea  partlala  pmduatlan 
kaa  tkarafara  nat  attmetad  tka  aaa»  dawalapnant 
affart  an  tka  praduetlan  af  uatar  draplata.  It  It 
tkut  nat  plvan  praalnanea  In  tkla  paper. 

Tue  alvilflcant  praklaat  aaltt  In  parfanrinp  rapraaan 
tativa  lalnp  taatt,  tka  praduetlan  of  a  uilfam  drap- 
lat  dlatrlkutlan  and  tka  ataturanant  af  tka  draplat 
apaatrua  laadlnp  ta  tka  dtrivatlan  af  tka  valuta 
nadlan  dianatar  CAB). 

Tkla  papar  ktplnt  by  briefly  ravfaulnp  tha  lalnp 
aartiflaatlan  rapulatlana.  Tha  taat  faallltlaa  at 
kytataak  are  than  daaarlbtd  tapatkar  ulth  a  brief 
dtaarlptlan  af  the  aapablllty  far  nanlterlnp  lea 
famatlan  and  akaddinp.  finally,  tka  davelapannt  af 
uatar  apray  rakaa  la  diaeutaad,  ultk  partleular 
attantlan  paid  to  tkaaa  paranafara  and  faatuma  idiieh 
Influtnee  tka  apray  quality.  The  uta  of  tha 
aallbratlan  faelllty  In  tn^orlnp  thaae  vartabtae  and 
the  davtiapnant  af  apaalal  ataaumatnt  aB<lpnant  for 
that  purpaae  It  fully  dtterlbad. 


The  Sayal  Aaraapaae  fataMIBAHnt,  knyland,  hat  tua 
altitude  taat  aalla  at  hi*e»t«>  idiM  ptnrtt  lalnp 
taata  ta  ka  parftraad  at  aanti'allad  aanditlana.  Thaae 
uara  priaarlly  Inttndbd  far  ataadiratata  and  tranalant 
I  amluatlan  af  air  kraathlnp  maalla  and 
a,  kut  a  tapMlIty  far  lalnp  taata  uaa 
ad  at  tka  I 

Althaiidi  Bum  kaa  kaan  lanp  i 

HUtapaant  af  taat 

It  a  < 

alpnlflaait  MpnuPMiia  kpaa  laatnlly  kaan 
Ian  ana  af  tha  i 
I  af  tha  ahala  i 

alauiatitn  af  tha  daflnHI  aln 


lalnp  taata  at  fyaataek  fom  part  of  an  overall  lalnp 
eertifleatlen  prnprat  tpraad  bataaan  the 
amfaeturar  and  ana  ar  Bare  of  tka  three  rapulatery 
autkarltlaa  a^autrad  to  prant  tka  relevant 
aptratltnal  elaaranaa  far  aaraapaea  vaklelaa 
atnufaaturad  and/or  taetad  In  the  UMtad  Klnpdan  (UK>. 
Tkaae  autkarltlaa  are:* 

la)  Tha  WC  Mnlatry  af  Pefanea  fraaurtatnt 
fataatlva  OBMPI))  idtieb  dMia  altk  allltary 
aquIdHnt  ^awrad  tha  apprapriata  Pafanaa 


lb)  The  Prltlth  Civil  Aviatlan  Autkarlty  CCAA) 
ahicb  aMMetara  the  Mna  fkarapaanl  Alrartdt 
Paquirtatnea  lAM)  appllaMa  ta  aadam  traapart 
aircraft  aB  prapalalan  apataaa  and  alaa  tha  aid 
Prltlth  Civil  Alraraft  kaqainBaait  ablah  atlll  BUlf 
ta  tipaa  arlpMly  aartiflad  ta  < 
rapalatlaa. 


af  tka 


kaadatlana  IfWI  and  i 
Bilab  ara  ippllama  tat 


Aviatlan 
ABrIaary  CIrcalara 


«  f  lau 


tnvm  ¥um  omoii 
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•quipMnt.iAldi  f*  ravilrad  to  aparat*  In 
HMTlca. 

Tlw  Mpiitatlafa,  lAlch  apply  te  all  autharltlaa, 
doanl  that  claaranea  to  aparata  In  lelnp  ean4|tlana 
la  P^ianritnt  an  a  ttrof  part  aaaaaaatnt: 

<a)  im  In-dapUi  tkaaratical  analyala  of  tbo 
auaeaptlblo  lelnp  araaa  an  tha  flipht  vaMcIo  at  the 
■aat  aavoro  ataBapherle  canditlana  «*lcfc  nay  produea 
lea  aeerotlan  and  tholr  affect  an  the  vehicle  ac  a 
idialo. 

(b)  full-aeala  rip  taatt  at  thaae  critical 
canditlana. 

(cl  fll#t  taata  parforfd  In  real  lelnp 
anvl  ronaanta . 

All  thraa  rapulatery  autharltlaa  refer  te  tha  aane  tuo 
atandard  uat  lelnp  ataaapharaa  dKallad  In  dafa  S 
te  S.  Thaae  are  the  Naxlaui  Cantlnuaua  lelnp 
canditlana  ralatlnp  te  lanp  traeta  of  atratlfora  cloud 


and  tha  Nwlua  Intenaltttnt  lelnp  typical  of  chert 
apan  cuaullfera  cloud.  Illuatratad  In  Flp  1. 

k 

In  paneral,  the  lelnp  teat  raquirananta  far  tha  civil 
aircraft  autharltlaa  quetad  ahau,  ulth  aoaa 
aaeaptlana,  very  elaaa  aprianant  and  It  ueuld  appear 
that  thara  la  a  pradual  eanvarpanca  teuarda  a  eaauan 
policy  eevarinp  all  aapaeta  of  claaranea  to  aparata  In 
natural  lelnp  canditlana. 

3  pacRirrm  pp  iciup  nainna 

The  altitude  teat  faellltlaa  at  Pyaataefc,  pictured 
fran  Bkiarhaad  In  Pip  2,  eanalat  of  five  teat  eallc 
Uhleh  ara  prtwidad  ulth  air  fra*  a  central  cappraaaar 
hauaa.  Eidiauatar-caaproaaart  In  the  hulldinp  aatraet 
the  eidiauat  paaaa  and  raAra  the  praaaura  In  the  tact 
ehartar  te  alailate  the  raquirad  altitude  and  alae 
provide  candltlaned  air  at  the  call  Inlat.  The  taat 
article,  ha  It  aero  anplne  or  taat  rip,  la  nomad  In 
the  taat  call  and  naaeuraaenta  of  praaeuraa, 
taaparattraa,  fuel  f  lau,  diruet,  ate  ara  taken  by  a 
eaaputar-eantrollad  deta-patharlnp  and  analytic 
cyetau. 


ciouos 


Pip.  1  Claud  aharaaaarlatlee 


Tue  of  the  faur  active  taat  eetia,  call  3  and  Cell  3 
Mat  are  aMa  te  eael  their  Inlat  air  te  the  ai*>tere 
taaparaturaa  raqalrad  far  lelnp.  The  feraar  la  uaad 
priaarlly  far  allltary  anpinaa  and  the  latter  far 
larpe  civil  fan  anpinaa.  Par  naraat  lelnp  taata  a 
uetar  apray  rake  la  aataitad  In  tha  Mat  duet  uhleh 
Injacte  a  cloud  ef  finely  ataulaad  uatar  draplata  Into 
tha  air  atraan.  An  Inatatlatlan  diaprae  ef  auch  an 
arranpaeant  la  ahaun  In  Pip  3.  ledi  faellltlaa  have 
larpe  taat  ahadbara;  Cell  3  la  Co  dleaatar  and  Cell  3 
Mat,  idkiab  haa  a  diaaatar  of  r.*a,  la  Mp  anauph  te 
aceaaaadate  a  hallcaptar  hoalapt  (laaa  raiare)  aa 
uall  aa  the  lataat  civil  fan  anpinaa.  A  uaierlty  ef 
the  acre  anplne  taatinp  la  dena  In  the  rannertad  aade. 
In  uhleh  all  ef  the  Mat  air  la  duetad  Into  the  frant 
ef  the  anplne.  iPianeuar  plant  capacity  allcua, 
hauevar.  It  la  prefer rad  te  taat  anpinaa  In 
eanjimtlan  ulth  their  Intakaa  In  the  free  Jet  aade,  a 
netiMd  uhleh  la  atueyp  appllad  te  baileaptar  ripe. 

Par  thia  tachnlpHa.  air  la  diacharpad  fran  a  opaanfe 
naale  ta  enualipa  tha  taat  vablele  thue  plvtnp  a 
batter  rapraaantatlan  af  tha  free  atraan  flan  field. 

Thara  ara  alpnlf  leant  diffaranaaa  batuaan  tha  tna 
calla  In  the  nay  the  Inlet  air  la  aanriltlanad,  idtleb 
affaeta  the  taat  anMapae  and  Me  raiatlarahip 
betuaan  tha  alnalatad  and  natuml  lelnp  aanditlana. 

In  Call  3  neat,  air  la  lohmd  fma  anoapham  Mrau^ 
a  S*ataaa  araae-flan  bant  aMhanpar  aannaetad  ta  a 
rafripamtian  plant  idiltb  aan  raduaa  Iba  ttvarwuN 
ta  -STC.  lit  CPU  S.  air  in  diann  fran  aianaphara 
and  dPIad  ly  paaalnp  Mnaa^  allfan  pal  htda  Inia  the 
facility  eanpraaaara,  iMab  tinn  faad  a  prapartlan  af 
tha  Mph  pmaauna  air  after  a  twlliti  drirtiv  peaaaaa 
Inta  a  aaW  air  tarMaa  taMT)  t»hdi  iadbapp  tlw 
tamaratapa  ta  a  aMwni  ualae  af -fmc.  iMa  aald 
air  la  than  afaad  ulih  aarw  dry  air  In  a  Waahar 
editaant  ta  dw  taat  call  ta  pradtea  iha  rawitrad 
Mat  air  taaptratara.  ilwraaa  the  taata  In 


n  P  t2li» 


ri«.  S  Tfpiaat  twulMtan 


Ml  S  Hwt  ar*  IMM  k|r  tlw  rata  af  c1rcHlatl«i  af 
tiM  eralM  ta  ittaatn  katf  an  haar  atii  Mat  kaara. 
Ml  S  ran  travMt  aald  air  atmliMMalv  far  par*** 
af  S  ta  4  haura,  tMta<  arty  tp  MM  air  Arylfia 

»  MMiar  4lffaranea  kanaan  Ifea  taa  Mia  Mat 
aaMHtlanlaa  aiiattra  la  tha  affaat  an  laaiWity. 
MMIy,  tha  ralailaa  hiaMIty  af  tha  air  ahatM  ha 
hataaan  ■  anh  fM  at  tha  paM  riwra  tha  hraplata  ara 


Injaetatf  aa  at  ta  alnlalaa  tha  ataparatlan  af 
araplata.  Ml  S  haa  an  aMntaaa  In  tbia  raapaet  aa 
tha  air  la  Initially  hrlai  ana  hnnM  ap  ta  tha 
Mlratf  hwMIty  valna  a  atana  Iniaatfanayatan.  Ml 
1  NM,  an  tha  athar  hanh.  haa  ta  tmm  ahataatr 
laaMNy  laahla  aaaar  fattaaMp  tha  partial  faaaaa* 
aryfap  af  athlWt  air  MU*  Ita  paaaaia  thraa»  tha 
fMar.  Bpatf  a  Man,  haaatar.  that  tMa 
IMtatlan  aan  Pa  aaatpHaPy  aaaWtna  Mila  taata  Pi 
partlaalarly  haaM  ar  aary  aanMtfana.  MMlty 
la  aMtaraa  aalnp  a  Mahalt  aMaP  trirrar  Pm  pafnt 
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pnba  pliead  In  tlw  Ian  wtlacity  air  i^trnan  of  tka 
aprar  raka  akiak  prealdw  *a  point  taaparaturaa  fraai 
lAlak  tka  ralatiwa  kiaridlty  at  tka  natar  apray  raka  la 
tkan  auttaatlcally  ealeulatad. 

rip  4  akaua  a  typical  Inatallatian  of  a  apr«y  raka. 
fapr  raka  aaaaPbllaa  arc  a«allabla  ranplnp  fraa  ana 
nltk  S7  naaataa  for  a  O.V  ■  Ola  duet  to  ana  ultk 
>10  nanlaa  for  a  2^  m  dio  duct,  iko  kator  aipply 
la  daalworallood  and  katd  In  a  ttnk  at  dbaut  20*C  aM 
praaaurlaad  ta  dM  kka  (1M  pala),  ftaa  kolnp  can* 
trollad  ky  oUkcr  aultlplo  rtaataly  aparatad  ualaoa  or 
warlakto  apaad  pMw. 


fla.  »  lea  acerotlan  at  onalna  Inlat 


Pip.  4  ppray  raka  Inatallatian 

Tka  ooarall  apray  pattam  of  tkc  yarlaua  uatar 
Injaetlan  rakaa  la  ckarkad  in  tka  taat  ckaikar.  Tkla 
la  ackiaMd  ky  aaintinp  a  tarpet  prid  of  radi 
dnaiatraca  of  tka  apray  raka  and  Maalnp  air  at  a 
taaparatura  na  kIpkOT  tkan  •1S*C  altk  kotk  kl0i  and 
lau  aatar  flan  rataa.  Tka  laa  taaparatura  anauria 
tkat  all  droplata  lapartinp  an  tka  prld  atll  fraaaa 
and  tka  roauttinp  lea  aeeratian  pattam  idMn  aaaadnad 
after  S  to  d  alnutaa  of  uatar  Injaetlan  plata  an 
aneallaM  Indicatian  of  tka  ml  farad  ty  of  tka  apray. 

txtanafaa  facllitlaa  are  awllaMa  far  vlaufnp  laa 
acaratlan  and  Ita  aiAaapPM  akaddlap  fran  tka  tact 
vakielo.  Ikaaa  iaaludi  olaaad  ofraalt  W, 
raaataty  aparatad  Mgi  dPfinltlan  Mill  oaHraa  and 
kidi  apaad  kind.  Par  aaNtaetad  taata,  cMara  viaulnp 
iilndiin  are  atHMd  In  tka  Mm  dUM.  fktaa  are  kapi 
froM  and  Mm  fraa  ky  Maatra  ikaratl  kcMlnp.  a 
typfcM  atdil  catpra  pkattprMk  of  anptna  Icinp  la 
akaan  In  Pip  S. 


PirMaM  ataMalnp  naixlaa  arc  uaad  ta  preduea  a  cloud 
of  uatar  draplata,  a  typical  nacala  kalnp  akeun  In  Pip 
d  coMrIalnp  a  central  uatar  ncHlc  aurrotaidad  ky  arT 
anailar  air  paacMa.  Tfcraa  different  aiaaa  of  uatcr 
naaalae  are  turrantly  awllaMa  dapandinp  an  tka 
UmM  uatar  tantant  (lIC)  ranpa  rapiirad.  Tka  klph 
wlaelty  of  Ma  ataMalnp  air  ralMlw  to  tkc  uatar 
JM  pranwaa  tka  kraak*«p  of  tka  aatar  Into  fine 
draplata. 

Tka  Mala  Pall  3  HtM  lelnp  ayatan  uaa  raeantly 
rauiauM  and  In  tka  lIMt  of  aarp  yaara  auparlanea  of 
icinp  trlMa  M  Pyaataafc,  wrlaua  fCMutaa  nara 
Idntlfiad  far  lapratatant.  Tktnaa  It  um  dKMM  ta 
aanifkatura  tkrat  naa  aaia  of  apray  naaitaa  far  tka 
larpa  Mray  rtkM  InaarptrMfnp  taat  of  tkaaa 
kMrauaiaanip.  Tut  of  tktta  aota  atro  atda  altk  tka 
taat  alia  aatar  natilaa  at  tka  pravlaua  aata,  la  P.41 
aa  and  0.d1  aa.  Tka  Mird  aM,  M  P.IP  tp,  naa  larpar 
tkan  kM  kaan  uMd  kaParo  In  aMitIpMlan  of  tka 
fclMar  uatar  flaw  patoMy  ra«drM  far  future  larpa 
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Tfca  lnirwi—BU  (nearporatad  wtr*  m  folloM*: 

<■>  Tte  noxtlw  mr*  m*  In  thrM  parts  rsthar 
than  tM  <rif  «)  alla«ina  pstitiwt  eantrat  laestlan  ot 
tha  air  cap  alth  raapact  te  tha  Hstar  natila. 
Indapandmt  af  tka  eaneantrlelty  af  tka  tceklnp  nut. 

(b)  Tka  HBtar  nania  aaa  aadi  af  stalnlata  ataal 
instaad  af  brass  aakinp  tha  pretnidlns  naula  lass 
vutnarabla  ta  aachanleal  dmagt  and  eharicsl  attack 
fraa  tha  dc-alnarsllaad  Matar. 

(c)  Tha  lacklnp  nut  aaa  ehanpad  fraa  a  raiatd 
knurled  cyllndar  ta  a  baptaponsl  nut  allaulna  aaslar 
and  aara  pasitiva  tltfitanlnp  af  tha  nuts. 


tatehanpad.thfa  raduetlan  In  Hatar  flau  cauld  affact  ^ 
tka  aalactlan  af  tha  nsnla  sitaa  ta  pravida  tha 
raquirad  LUC.  Miathar  praMaa  ithleh  bacaM  avidant 
durlnp  the  taatlnp  af  tha  naa  noaxiss  In  tha  (pray 
Callbratlan  Facility  ftCF)  uaa  a  dacraaaa  In  tha 
staalalns  afficisney.  *  That  It,  ulth  a  plvan  ataarfalnp 
air  praaaura  at  a  plwan  uatar  flau,  tha  km  uaa 
■raattr  ulth  tha  neu  naiilea.  Ua^natlan  af  eld  and 
ntu  naixlts  ahouid  that  there  usra  prabably  tue 
faetera  cantrlhutlnp  ta  this.  Firstly,  the  dtalpn  af 
tha  nw  air  cap  chamtlad  tha  air  aerc  than  bafara, 
and  sscandly,  the  nachlnlni  pracaaa  an  the  ala  blind 
halaa  had  thraun  tp  auall  rldpst  af  natal  (burra>  at 
tha  tap  af  tha  hales.  Tha  ccafalnatlan  af  thasa,  a 
channal  and  a  rastrlctlen,  aaant  that  far  the  aaan 
drlvlnp  air  praaaura  lata  air  uaa  aaarplnp  fraa  the 
central  annulua  ta  atanita  tha  uatar  Jat.  Caaparttiva 
air  flau  aaaturanant  an  tha  tana  nettle  bafara  and 
aftar  'dfburrlnp'  canfimtd  this,  tlarilarly  spray 
naaiurananta  ahautd  that  'da* burrlnp'  raatarad  the 
atanlalnp  parfamanea  af  tha  noitlaa. 

Thara  uaa  cancam  that  tha  change  te  the  haptaganal 
lacking  nut,  lAlch  uaa  allfhtly  nera  Intrutive  In  the 
tiaani  air  atraan  than  tha  reund  tacking  nut/aIr  cap, 
night  affact  the  spray  charactarlatlct.  gcuavar, 
direct  caapsriaan  nada  by  taatlng  the  tana  natila 
fitted  altamttaly  ulth  a  single  place  reuid  and 
tingla  place  haptaganal  air  cap  ahautd  little 
dlffaranca  aaar  a  rangt  af  uatar  flaua  apart  fra  a 
tandaney  far  tha  haptaganal  cap  ta  glut  WPa  afaaut  tue 
nlcrans  lauar.  Pautvar,  later  Inaaatlgatlana  rawaatad 
that  tha  haptaganal  cap  else  had  a  lauar  prastura 
drap,  resulting  In  a  greater  ataariaing  air  flau.  This 
cauld  uall  have  cantrlbutad  ta  the  WV  raduetlan. 

a.2  uatar  flau  central 

The  central  and  accurate  anaauraannt  af  the  uatar  flau 
threugh  the  spray  rake  la  lapertant  bath  far  the 
raallaatlan  af  tha  tpaelflad  LUC  and  the  praduetlan  af 
earract  draplat  «W.  Tha  utter  flemntart  utad  far 
this  purpaae  are  either  af  the  Paltan  idiaal  ar  turbine 
type  and  are  csllbratad  bafara  each  Icing  Installatlen 
using  a  dsdleatad  tracaabla  gravlnttrlc  callbratlan 
aystan. 


Fig.  d  Pau  three' part  spray  nsnla 

Sacausa  af  thaaa  gsanetrlc  ehangae  It  uaa  naeaaaary  ta 
eenflna  that  the  baric  aprey  nanla  draplat  alas 
chemcbartetleg  hnd  net  baan  affected  and  a  craes 

Thaae  tecta  briutht  te  light  etna  lanapacted  differ* 
ancea  betnstn  tha  eld  and  nn  naaalaa. 

Far  iiiggp>ii  It  eW  faund  that  a  hIBwr  uitar  hrwiuri 
nag  iMdW  an  the  MW  ntniag  te  get  tha  mm  gethr 
flau  raw.  and  tbetartiww  ftae  rnta  ana  radtabd^  gNn 
thaugh  tha  aatunl  wtar  ntatle  Mgansl  dNMMd  nw 
naMiwIty  the  tana,  ible  aas  bttFlIgbht  nilhlp  m 

IVHtWHV  W  •NV'  fnv 

laadMd  be  the  netar  mrnm  bdhtf  bMBMir  dBillgr 
and  an  nwt  nstlaaabte  an  tha  awlleid,  g,«1  tab 
nantaa.  Mthn^  tha  baeie  aheractartatlas  rttnlnad 


on  tha  M2  nsnla  apray  raha  there  Is  a  toWntsntal 
praMan  In  that  a  praaaura  head  dlffaranca  af  ip  te 
2.0  a  batuaan  tha  tap  and  battan  apray  araa  causes 
unaqusi  uatar  flaua  If  net  carraetsd.  The  currant 
tnthad  af  satutlan  uaas  a  itttsr  praaaura  central 
(haiBar  af  tgpnnitntaly  0,d  litre  valuw  paaltlenad 
an  each  pwdy  w**  lha  chathar  uatar  leael  la 
ealntalnsd  at  a  canstwd  leaat  by  an  aptlcal  aanser 
eantralllng  a  aottaeld  aatea  In  the  uatar  Inlet  llrw 
ta  each  ahataar.  This  tirnpwtait  Is  ahaun  In  Fig  7. 
lack  chatasr  Is  paaltlanad  aa  that  tha  uMsr  lasal 
reaping  asnataM  at  Sb  ns  baiaa  taa  apray  am  It  la 
npplylng.  lha  flau  af  untar  thrawh  abch  tpray  am 
Is  affautad  by  dita******  ****  thw^lars 

by  aupplylm  nitraggn  ih  Inta  the  tap  af  M 
chtsdi^  the  rata  af  aatar  flau  threugh  tha  tpray 
amt  being  cantrallad  by  the  prapwre  af  tha  i^lad 
nitragwi  gm.  «  ayatm  af  aurrant  ta  pressure 
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eaiwartars  aid  iwwnlc  •ittlpl<*n  mblM  th* 
nitrafvt  prtMur*  to  tho  Motor  tlioduri  to  bo 
controltod  roaotoly  froo  tfco  tnilno  Toot  Control  lo*. 
UhlUt  vary  ouccootful  In  prodUeini  oqutl  ftow  to  tho 
(pray  nouloo,  thlt  oyttoa  it  (ubjoct  to  pulootlont  In 
tho  Motor  tia^y  to  tho  thMdiori  coutod  by  tho 
eontinuol  opailng  ond  elooinp  of  tho  voIvk  In  tho 
food  lints.  This  hit  ondt  tho  Intttnttnotut  on-lint 
Motoirctnt  of  totol  Motor  floH  difficult  rotultino  in 
ovortpo  volutt  of  Mrttr  flou  btinp  uttd. 


Flp.  7  tproy  rikt  ond  control  tytton 

h  ntM  loproutd  oathod  of  Mttor  flou  control  thtt 
prowldoo  oontrollod  continuous  flou  It  currently  «ndtr 
dovolopntnt.  Thlt  tyttta  ulll  supply  uttor  to  toch 
tproy  ora  by  on  olsetrleolly  drlvon  pooltlvo 
ditplocoatnt  puip  ropuiotod  by  t  cloood  loop  foodbock 
circuit.  Tho  tpMd  of  ooeh  pupp  lo  oontrollod  by  tho 
output  of  0  difforontlol  protouro  trtntducor  aooouring 
tho  tproy  rofeo  om  uotor  prooouro  roforonood  to  tho 
ototle  duet  prooouro  ulthin  tho  toot  coU.  by 
eoncrollinp  the  prooouro  ot  oath  rabo  ant,  conattnt 
tproy  rotaa  Mill  bo  achlaotd  for  tproy  robot  ulth 
diffartnt  looport  of  spray  noalao  and  oorylnp  toot 
coll  ctndltitna.  To  pcovidi  the  eorroct  Inlat 
prooouro  condititnt  at  the  Mot  aanifold  to  tho  aprttr 
raho  puipe  a  ttparate  pritdrp  pup  and  protouro 
faatb^  elreuft,  roftrtnood  to  ototle  duet  proaturo 
ulthin  tho  toot  eatl,  it  liaorporottd  In  tho  dMlpo. 
hdiontobti  of  this  nto  ayotao  u(tl  bo  the  otlalNMIan 
of  Motor  flan  pultatitnt}  eamrotlod  oatar  fita  to 
ooeh  spray  ora  to  eatar  tfia  ranpi  of  otndltlaRa 
tpatiflad  in  tho  ielnp  otrtlfleatian  rtpalatleno  Md  a 
raduetton  In  the  tiao  lopifral  to  ahanpo  tpray  ratoo 
in  eyolie  lelna  etrtiflaatfan  toata.  fha  atthtd  of 


eentrol  ulll  bo  aueb  alMor  rnoportil  ulth  tho  torliar 
dtaim  ulth  control  poroottoro  praoot  via  o  eotputar. 
The  non-pultatina  uotor  tproy  rotaa  durlnp  lelna  teeto 
ultl  aroatly  oi^ify  the  enelyaie  of  tint  variant 
uttor  tproy  rotaa.  The  perferntnee  of  ooeh  pmp  ufll 
bo  acnltorod  tn  a  digital  road-out  and  a  bor-tipa 
display. 

4.3  lorov  eollbrotian  facility 

Idaally,  tho  uotor  dreplot  ditnottro  aheuld  bo 
atoturtd  in  tho  toot  call  claao  to  tho  toot  bady.  In 
practice  thlt  provoo  to  bo  autnooly  difficult  to  both 
tho  tcala  of  tho  tooting  and  the  oaal-induttrial 
ccnditlene  are  net  coipatibla  ulth  the  aaphiaticatod 
typo  of  Inotruatnt  raquirod.  Thlt  inotnaant  hat  to 
bo  cipobio  of  aaaauring  ailliant  of  draplott  par 
taeand,  ranging  In  titt  frea  a  fau  to  haidrodt  of 
nierant.  At  pyaeteck  tho  oltamativo  aothed  of 
calibrating  tho  netilta  In  o  ttparate  (pray 
Callbratlan  Ftellity  CICF)  hat  batn  adopted. 

The  tcf  (Fig  p>,  raetntly  tnhonced,  caapriaee  an  epan 
circuit  uind  tinal  ulth  a  0.4  a  diaotter  uorking 
aactian  cenaettd  to  txhtuttlng  naehintry  capable  of 
gtntrating  air  tpatdt  «p  to  132  aft  (300  ft/o).  Prior 
to  the  adianraotnl  tho  tuin  naexlo  tproy  aatt  had  batn 
intarttd  Into  tho  uorking  taetian  frea  tho  tidi  uhich 
oaant  that  the  ditttnea  frea  the  nottla  to  the  later 
btaa  Hat  flatd.  In  the  tatt  coll,  dpandlng  an  the 
ttet  canflguration,  tho  angina  Inlet  la  batuaan  1.3 
and  4.9  a  free  the  Icing  raka.  In  ardtr  to  allau  tn 
aquivaltnt  varlatian  tho  ahtnetd  ICF  hta  a  attal  tuba 
aourtad  altng  Its  tala  uhich  tarvta  both  to  tippert 
tho  naeile  arrays  and  cantain  the  tarvleat.  Tue 
rapraaantativo  arrayi  con  bo  aturtad  an  the  and  of 
this  lang  'tting'  ineerporating  four  and  tavan  nottltt 
raaptetivaly.  This  atlng  and  naatlafa)  eadiinatian  it 
than  intartad  at  the  aauth  of  tho  twvwt  (Fig  9) 
alleuing  the  taking  diataneo  to  be  varied 
cantlnuaualy.  The  uttor  aippliaa  ora  fad  to  each  ant 
of  the  array  indivIdUatly  throupi  tho  atlng. 
tolactlan  of  the  laiAtr  of  anu/nacalaa  actually 
spraying  can  be  oadt  bath  by  tho  eentrol  of  tho  uotor 
to  each  ena  and  by  Mtnhing  off  natslat. 


Pig.  t  IMlihgM  Optay  CMIhratfan  Paeillty 
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r(|.  9  Haiti*  arroyt  and  atlna 

A  laaar  part<el*>tlt*r  prodsad  by  Malvarn  InatnawM* 
atraddla*  tit*  uorklns  aaetlan  with  It*  baa*  diractad 
tbroidh  th*  draplat  cloud.  ThU  Inatnaant'a  princi* 
PI*  af  oparattan  t*  a*  fallau*.  Th*  diffraetad  laaar 
lld>t  pattam  faraod  by  tb*  draplat  cloud  I*  datactad 
by  a  phato-dlad*  array.  ThI*  panaratad  alpnal  la  than 
convartad  Into  a  draplat  veliaat  apactrua  ^  praprla- 
tary  aaftuara  ualnp  a  paraanal  cai^utar.  A  typical 
coi^utar  output  ahoulnp  a  draplat  dlatrlbutlan  I* 
ahowt  In  ftp  tO.  A*  can  b*  approeiatad,  tht*  uidtiy 
accepted  Inatrumnt  I*  a  aajar  adtanca  on  aorltar 
tachnldia*  baaed  on  th*  ua*  af  ailad  ar  caatad  plao* 
alida*  on  ubich  droplata  N*(^e|ftur*d  and  phete- 
praphad  far  latar  anelyal*.  Tb*  laaar  aaaaurlnp 

ayataa  t*  nan'lntrualva,  acan*  omy  tbaidanda  of 
d^lata  In  a  fab  aacandi,  producaa  on-lln*  dda  and 
can  b*  oparatad  raaataly. 


0.ltmtn  NOZZLE  VM0*Z0.52>im 
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Fip.  10  Typical  particia  altar  diapiay 

T*  anabla  tba  aaaaui  mt  af  a  rapraaantatlva  aadpl*  a 
cartaln  propartian  pf  tba  aaln  laaar  baab  sdt  ba 
acattarad  an  to  tba  diadi  dHoctar;  tbia  candltlan  baa 
baan  aatlafiad  In  tba  pact  by  ualnp  ant  naaala  altb  a 
iwtdi  air  ualacliy  af  aona  40  «fa.  Thia  baan 
abaauratlan  daaaaaaaa  nltb  tumal  air  aptad  but  aara 
naatlaa  any  non  ba  aalaatad  If  nacaaaary  ta  capptnaata 


far  thia.  Thar*  I*  alao  th*  potalbillty  that  tb* 
additional  aproy  nay  cantaalnat*  tb*  lanaa*  nor* 
rapidly  laadinp  to  alouar  data'patharlnp  bacoua*  of 
nor*  fraquant  to  Ian*  claanlnp  cparatlena. 

varlou*  lanaa*  can  b*  uaad  ulth  th*  Inatrtannt  to 
cawar  dlffarant  particle  alt*  ranpaa  and  uarfclnp 
dlatanca*.  Th*  latter  I*  daflnad  a*  that  diatane* 
fron  th*  Ian*  ultbln  uhleh  draplat*  can  b*  naaaurad 
accurately.  Exparlanc*  ha*  aboiai  that  th*  beat  uarfc- 
inp  arranpanant  la  a  SOOna  Ian*  ubich  ha*  a  uorklnp 
dlatanca  of  400na  and  a  particia  (draplat)  alt*  ran** 
af  S.B  to  S04  nicrena.  ThI*  uerklnp  dlatanca  accord* 
uall  ulth  th*  0.4  n  twml  uldtb.  Th*  leuar  draplat 
alt*  Unit  af  5.0  nicran*  It  net  a  dltadyantap*  In 
practlca  at  th*  apprapata  volunt  of  any  droplata  balou 
tbl*  tit*  Hill  ptnarally  be  a  vary  naall  proportion  of 
th*  total  votua*  far  tb*  dlatrlbutlan*  typically 
preducad  by  that*  nettla*.  Additionally,  th*  Ntivam 
aaftuara  uaka*  ton*  cxtrapelatlon  for  th*  uidtrait* 
draplat*. 

Finctlontl  cbock*  ar*  aad*  ualnp  a  Verification 
Patlcl*.  Thia  conalat*  af  an  optical  pitta  flat, 
uhleh  can  b*  attachad  ta  th*  racalvlnp  Ian*  of  th* 
particia  altar,  on  idilch  about  10000  ehron*  data  of 
knoan  alt**  ar*  dapetlttd  randonly  ulthin  an  bat 
ditantar  circular  area.  Th*  affactiv*  MS  af  thi* 
array  It  Initially  datamlnad  by  th*  ntnufteturart 
ulthin  a  apaciftad  telaranc*  of  *2  nicran*.  If  th* 
particia  altar  rapaat*  thia  aaaauruaant  ulthin  th* 
abov*  talarane*  than  It  it  eaneludtd  that  th*  tyatna 
it  functloninp  earraetly.  Ulth  tucb  a  eapplat  opto- 
altetranie  tyatna  thia  tinpl*  ttcbniqu*  it  a  vary 
Horthubll*  parfomane*  nonltor. 

5  TTPICAL  MAT  HOZZU  CbLIORATIOM 

rnmitttim  of 

Th*  diract  plettlnp  af  th*  fCf  draplat  tit*  data  In 
tamt  of  MS  varaua  atearttinp  air  proatuia  for  a  pivan 
uatar  flau  ylaldt  a  rapaatabi*  u*ll>d*fln*d  tneoth 
cunrt,  kntun  at  bytateck  a*  a  nettla  charactarittle 
(Tip  11).  Thia  curve  it  aaytptetle  to  bath  ax** 
ahauinp  tb*  practical  llnltt  af  aparatian  at  any  utftr 
flau.  At  an*  autranity  It  tbaut  that  fwthar 
Inert****  in  atanlainp  air  praaaur*  da  net  radue*  th* 
MS  aipniflcantly,  pivinp  th*  leuar  Unit  at  that 
uatar  flau.  On  th*  MS  nii*  It  tbaut  that  at  lou 
atanlainp  air  praaaur**  only  tnall  rtductlant  in  tbit 
quantity  praduraa  larpt  incraaoaa  in  MS  anklnp  It 
iiSTtctleat  ta  uarfe  in  thia  rtpitn.  Thi*  occur* 
utually  tauardi  tb*  hitfiar  MS  vniuta,  diptndlnp  on 
tb*  uatar  flau  rat**,  and  eutald*  th*  nanaal  uarklnp 
ranpa  af  tba  naitltt.  It  I*  ala*  parbapa  uortbidill* 
paintinp  cut  that  an  tbl*  flpura  th*  data  frta  four 
O.n  na  natal**  ban*  baan  pitttad.  Thar*  I*  llttl* 
natal*  ta  natal*  variatlan  plvlfs  **nt  oanfldnc*  In 
th*  unifarnity  af  th*  pm^atad  elaud. 

Hhll*  On**  aurvt*  ora  attrtnaly  UMful  in  ebaekinp 
tba  aanalttancy  of  th*  ICf  dtta  thay  ar*  net 
aanaawlant  far  ua*  In  tb*  altltuda  lelnp  tatt 
facllltita.  In  ardir  ta  ochiava  th*  aarract  lelnp 
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(mlcroral  SAMPLMO  DISTANCE -0.7111 


ATOMISING  AIR  PRESSURE  IkPal 


Fig.  11  Atoaitlng  iharaetwUtlCA  of  four  0.41  m  iproy  nozzle* 


candltlont  In  th*  tost  call  th*  oparator  naad*  to  know 
th*  atealalng  air  praaaur*  Hhldi  ha*  to  be  aet  to  give 
the  ra^lrad  HMD  at  th*  uatar  flow,  ehoaen  to 
correapand  to  th*  roquirad  LUC.  Curva*  ahowlng  thi* 
ralatlenahip  can  be  darivad  by  eroaa-plottlng  fm  th* 
'nozzle  eharaeterlatle*'  using  axe*  of  uatar  ftou  and 
atealalng  air  praaaur*  to  produe*  'uorking  curves'  as 
shoal  In  Fig  12. 

.  — — ■  9  si«a  aOJZU 

_  0  tbao  nOZZlC 


significant  chatig*  in  th*  WD,  at  ahaun  In  Fig  13. 

Th*  raaaen  for  this  discrapancy  Is  laiknoNn  and  claarty 
ulll  be  th*  subjact  of  further  uork.  On*  pessibt* 
axplanatlon  being  censiderod  I*  that  as  th*  original 
SCF  did  not  hav*  an  Ideal  Intake  flsr*  th*  raaulting 
turbutsne*  nay  hav*  dfstortad  th*  spray  plus*, 
aepeclally  at  high  tumal  sir  spssds.  This  uould 
cause  th*  later  bean  to  t«pl*  different  parts  of  th* 
plus*,  resulting  In  \MD  changas.  Th*  lapiood  Intake 
of  the  enhanced  SCF  would,  of  court*,  rtiaovc  thi* 
affect. 

■  tunhcl  4di  tncro  •  a  o't 
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Fig.  12  (pray  nozzle  uorking  curvoo 


5.2  Effect  of  duet  air  ■aad 


Praviaut  work  on  th*  SCF  with  a  larger  working  taction 
thowad  a  aarkad  dtpandanc*  of  WO  on  twoial  air  spaed 
I*  to  th*  lllrit  of  70  lU*.  This  dtptndsncs  was  one  of 
th*  rasa  one  for  raadlfying  th*  tutsial  a*  that  It  could 
b*  InNastigstad  at  th*  hlghar  sir  tpaads  which  could 
b*  aneouitarad  in  actual  icing  tact*.  To  data  only 
prolitrinary  Invastlgatlan*  have  bean  carried  out  using 
th*  cantral  nozzle  af  th*  aavtn  nezzl*  array  In  th* 
snhancad  facility  at  th*  saas  standard  distant*, 
incraaslng  air  apaadt  t*  122  aiF*  at  an*  aster  flaw 
an  a  0.70  an  natal*  has,  howawtr,  not  caused  any 


Fig.  IS  Effect  af  tunnal  sir  speed  on  \M> 

S.3  tfftn  Of  Win  ttmo  Hr 

ttgafTfUiTf 

Aa  th*  daalnarallaad  water  taoply  fad  to  th*  spray 
rak*  In  th*  test  call  la  asintaintd  at  20*C  te  prmant 
It  fraoaing  bofsra  or  on  raacblng  the  nsttla.  It  aty 
b*  qutatlanad  If  th*  drsplats  hasw  bsett  auparcaolad 
and/ar  reached  sir  strsaa  tsi^srature  by  th*  tin*  they 
arris*  at  th*  target,  at  they  wanld  In  a  natural 
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ctcud.  This  (*  liTwt  Narck  4  tortUtt  md 

•Chan  hmt  ihtm  that  lea  aeeratien  takea  diflarant 
ferae  aieandlna  en  tkc  atate  af  the  drepleta  at 
liVaet.  Thaoretleal  atudlae  at  hyaataek  auggaat 
that  ahlle  a  10  aleren  dreptct  eaaic  to  tharaat 
aquIllbriUB  In  a  *0*0  air  atmaa  In  undM'  a  aatrc  or 
aa,  a  so  ariamn  draptat  nith  27  tiaaa  aare  aaaa,  alght 
ra^re  i  aatraa,  althauah  It  aould  atill  he 
aqiareaalad  althin  ahaut  a  aatm. 

Ideally,  fraa  thia  paint  ef  viaa,  tha  aaparatian 
hataaan  the  apray  rake  and  tha  tarpat  naadi  ta  ha 
praatar  than  S  a  te  anaura  fully  rapraaantatlua  lea 
aaeratian,  althauah  dlataneaa  doun  ta  3  a  ara  prabably 
aeaaptable. 


haarlnp  in  Bind  that  thaae  ara  baaed  an  daU  patharad 
naerly  farty  yaara  ape  ualnp  ftiiht  inatnaantatlan 
far  laaa  praeiaa  than  aodam  aquipaant.  Oarhapa  thia 
ahauld  ha  aatandad  te  ether  partt  af  tha  pleba  net 
pravlaualy  aurueyad.'  Tha  taat  faellltiaa  at  Pyaataek 
aauld  play  a  rale  In  thia  uaric  by  awaluatlnp  the 
lataat  fllght-atandard  inatruatnta. 


1  Oefanee  Ptandarda:  00-PTD  Val  1 
Aireraft,  Val  2  tetoreraft  and  00*071  Enplnaa,  1003 

2  Jaint  Alruerthinaaa  taqulraaanta:  MA-2S 
larpa  aireraft  and  JAA-E  anpinaa,  1006. 


Althauah  a  aalid  data  bade  an  tha  Pyaataek  apray 
nettlaa  haa  bean  achlawad  there  It  aantidM-abla  aeopa 
far  further  uark  aainly  thrauth  axtandinp  the 
aapability  ef  tha  apray  eallbratlan  facility  and 
inytatlpatina  different  apray  nettle  daalpna. 

Tha  faraar  tCF  aaxlaa  air  valaeity  Halt  of  76  a/a 
uaa  net  fully  rapraaantative  af  the  valaeltlaa  UMd  In 
tha  actual  Icinp  taata  and,  aa  pravlaualy  aantlanad, 
thia  paraaetar  aay  affect  tha  draplat  yPD.  In  tha 
atfiancad  tCF  tha  aaxiaia  velecity  haa  been  Incraaaad 
ta  130  m/o  anabllnp  aare  rapraaantative  eallbratlan 
eanditlana  to  ba  panaratad. 

All  tha  aaaauraaanta  rapartad  hare  have  baan  aada  ulth 
tha  apray  bar  0.7  a  fraa  the  laaar  baaa.  Thia 
diatanca  la  aftan  aacaadatl  in  leinp  taata  and  tha 
affact  af  thia  la  net  knaun  and  naida  te  ba 
InMttlpatad  ualnp  the  atinp  aeuitad  nattlae. 

Incraaaad  avaparatlan  or  caalaacanca  aay  accur, 
thanolnp  the  TMO. 

Te  data  overall  tha  PCF  data  pivaa  raaa enable 
aanfidBKe  In  the  quality  af  the  alaulatad  alaud  In 
tha  altitude  taat  facility.  In  the  ranpa  IS  ta  40 
alerana  the  apaclfiad  Wl)  can  be  praducad  at  the 
required  LUC  an  the  baaia  ef  canalatant  and  repaatabla 
calihretian  data.  Tha  natile-ta-noula  varlatlan  haa 
baan  aatabllthad  ta  balnp  aaall,  althaiqfi  eanfimatery 
taata  art  naadtd,  and  the  droplet  alia  diatrlbutian  fa 
panarally  ef  a  peed  fora  aver  a  elda  ranpa  ef  attar 
fltut.  It  can  tharefere  ba  taid  that  the  leinp 
eanditlana  In  the  Pyaataek  altitude  taat  facility  aaet 
tha  currant  eartificatlan  rapulatlana.  Peraever, 
there  la  acape  ta  eevor  any  probable  develapatnu  In 
thaaa  rapulatlana. 


Future  uerk  at  PAE  ulll  thua  eantinua  te  ba  alaad  at 
atatinp  cuataaar  raqulraaenta  and  aatlafyinp  tha 
avalvinp  deatndt  ef  the  Intematlanal  rapulatary 
aiNharltlat.  in  thia  raapaet,  a  denaant  abaut  te  ba 
pMlahad  by  FAA  entitled  ■The  AIrcreft  leinp 
Taahnalepy  Pan*eab»  ahauld  etfwiate  Intematlanal 
effarte  taaarda  praduelnp  a  ainpla  ea^rehenalve  aat 
af  leinp  raqulraaenta  alaad  at  aarlAilda  appileatlan. 
Intamatianal  affart  alibt  alaa  be  appraprlata  ta 
updbta  tha  anlatlnp  leinp  alaud  charaatarlatlca 


3  Prltlah  Civil  Aimorthinaaa  Paquiraaanta: 

PCAP  20  retoreraft  (poat  17.12.06),  PCAP-G  retareraft 
(pro  17.12.106)  and  Paper  0610  laaua  2  10.0.01 
retareraft. 

4  Fadaral  Aviation  Papulatiena:  Almarthinaat 
Ptandardi  Part  25  tranaport  catapory  airplanae, 

^rt  27  nomal  catapory  retareraft.  Part  20  trarapert 
catapory  retoreraft  and  Part  33  aircraft  anpinaa. 

5  Aircraft  ice  pretaction.  FAA  adriaory 
circular  AC  20.73  1071. 

6  Cantlnueua  naxlata  and  intamittant  Baxlaa 
ataoaphare  leinp  eenditlane:  liquid  uatar  content 
varaua  naan  effaetlve  drop  dianatar. 

PAU  TP  1453.  1040. 

7  Cantlnueua  aaxlu  and  Intamittant  naalaut 
Ataoapharie  leinp  eanditlam:  liquid  uatar  eantant 
varaue  alaud  harliantal  diatanca.  PACA  TP  2730,  1052. 

0  Contlnuoui  aaklaua  and  intemluant  aaxlaua 
ataaapharie  leinp  eanditlana:  aslant  taaparatura 
varoiB  praaaure  altitude. 

PACA  TP  2560,  1051. 

0  Ouithanbanfc,  at  al,  M  laaar  diapneatic 
technique  far  tha  aaaauraaant  ef  droplet  and  particle 
alia  dIatrlbutlanP.  Prepraaa  in  Aatranautica  and  ■ 
Aaranautlca  S3  (1077)  421. 

10  Oadpa,  l.p.  and  Caruin,  U.A.,  "Liquid 
particle  alia  aiiiuraaent  tachnlqjaa*.  Afin  PTP  048 
aditad  by  TIahkeff,  Inpabe  and  Pannady,  1W4. 

11  Upur  Tunii,  Farhad  A  Farha#aur,  Taapai  lean 
ef  Ll#t  Paatterlnp  ulth  ether  Taehnlquaa  far  Particle 
pile  Ntaauraatnt*.  Particle  Charaatariiatlan  2  (1045) 
p)04-112. 

12  Parefc,  C  J  and  Oartlatt,  C  P.,  ■Ptabillty 
ralatlanahip  far  uatardreplat  eryaulliaatlan  althin 
PAPA  Laala  leinp  apray  nacila*.  AIAA-00  4M0  Hth 
Aareapaca  Oelaneae  Haatlnp,  Pawada,  1100. 

■Thia  park  haa  baan  earrlad  aut  ulth  tha  aiqpart  ef 
Prenreaant  Paaeutlva  Hlnlptry  ef  Pefanae.a 

Oapyrigit  Oantrellar  MOD  Landen  (1000) 
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